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Michnel 1?. JmwR rind Bruce E. Cnrlmten, MS-EU3l

Los Alnmos Nat iolml Laboratory. LcIs Alamos, NM 87s46

Summary

The rmillnnr~ ildurrd lIy qmrr AnrRf. ill A (Irifl ilm I)FHIII

d fini”r Irllglll Ilnn lmrII illvrnligntcd, mIIl n srhlilln Inw,

E(I. (6), IIM llFrll {Jl,tnillrtl frmll sillll,lr rl)llsiflrrat i(,llk IJllIr flir-

fcrm)t rnles IJFXIIIIII.11111 III tlil[rrenl l)rllli(m~ 0[ tlIV IWIIIII. ‘1’111=

ot-nlinR Iw ImtlIcl~ tlw illil ini ralr II( rlnillnllrr KWIWIII. Ilt+mp

IIIF lIcnlll sllal)r lIiL~ lli~ltmlrtl siRllilirnllll,v, FIII(I IIIIIS rqwcwwlls
nn !!pp~r IMMIIIII IM1 llw rrrlr nfml)illnlwr ilwrmtrw. ‘I’i Ii* Hcnlillu

Inw has l)rrII nlll)stnlllinlr(l ily I)nrlirlr- ill-rc.ll silllllltlliflll nml llw
drprIIdmIrT 011 RIvmw4 tic I’ttrltwn Fvnltmtml [or q)ecilir rlIIIIrrs

of llIr lwnnl I)rt)lilr. FiRllrrs ~i nlwl I nrr ,Inlvrrnhl mllillnllrr

Rrt,wlll rllrvrs ([m Itlliforul Cylill(lritnl rml (;rummnu Imun=m rP -

=prrliwly I:(v lIIIUI. nxidly nfwnlnilmm IwIIIIIS. I II- RFIIIIII’I

rir fnrt(,r~ lIHVF l)rrII rvnl IInlrd rxl)liril Iy Lm ~inlmsin;l I)rfdilrs,

E(l. ( II)), mIfl ldllrr 311nlWEl

Introduction

l’rrvimm cnlrIIIMl inm ilnvr nlmwn Ihnt Insrr-irrnflinletl llIIIt-

lnrlinrlrn IIIny IIF m pronlisinK ImWInRIII Iwndllring high Iwlght lIF~H

rlrrtrml I)ltllr!wn nt Illlnrlrrtls (J nnllwrm itl short pillmrn (Irlls

d [JirctnmrnltlH) for ihjrrliml inln rl acrt+rnl(m. “J Exprrinmlln

nrr lmw Ilndrr tvn} al I,4M ,Ilallwm in msrns Illin trdllmh~v.’”

liv IIsllm n Ilmrl III rrwnlr n dmrt el~rlrwn 1)II14F, mIIdI III Ilm

{.l!lll i)lll’lllrll ntlfl FXl)rllslvr Ilrmlwnrr rulllirml 10 Itllnr-11 Ilw Iwnlll

frt~lll N r{l,:vrllti[}llnl rlrclrlul Rflllrcr is rlilnillnltwl. ‘1’lw 11,1’llmll.

ic~l [J t llrsr INVUI]* rrul Iw d(mlinntr(l I)y npnrr-rlmrgr rflrrlu,

rnlwrimll,v Iwftmr I Iw Imnlll r(unillR Irmn I Iw fllt)tlr is rrcrrlm.

nltvl to Iliglwr Cnmuim. ( ‘tdcldId it)lln of 1III. Irlillq)f)rt 01 IIIFHF
l)tillt.llrs frt)lll llIr ●[lllrrr III 111111 II IINV mlIIIW 1111t,llIIllllllm, ill-

rrmw, nkwwinlml will) Jlw nlllrIIIIIl id nlmcr I Ilhrpv III III!, Iwnlll-,

hlIIIII Im,urrhh Ilw lIPrlI Illn(lc. rrcrllll,v ill ,Illtlt.rqllllltllllg

KIMIw [’n Hl~F II II II IWII FIIIII!HIIW ErlM’lh 111111I!K ItS$IM’ll\lltlll Wl!ll

llf)lllilwtir drdric Iirltl rllrr~y, “d SllIllllalmlIh 1)( Ilw cli~d~ Imvr

r~vrnlrtl llInt tlIr rIIIIitl IIIIrG. IIf IIIF lmmm in Illiliilllizd Ij,v tmi -

hmill~ IIIF Irmrr lMIIVW III lllnh~ thr mpnrr r-hnrgr M lwnrly Illli

fm III, ●xinliy mrl rmdidly, M poanihl?lx ‘llin in Cnnninlrllt with

tlw Illillimiznlioll 4J III? Iml)linrrbr +rtrir firld mmrgv for long

Immnu. ‘1’IIP Afm( Arrlroll Inuwlwn pr{durd by llw lJm{tJilljw.-

I or nr~ mlll;jwt Irt n u~liqlw Imldmll II( rmil Innrr ~rnwlli rntlnml

]1~ I]IF rad ~hnt !]IF Bl}WF.C]:IIl’Mr kWIWI RrF !illkFll~ Ill 1~11-FIIIIR

d Ilw I)mnl IIIUI I hrv IKr III IIk rrlllrt,

Physhl :Mothlnml ScmllngLnw

l;imllrr I RIMIW n ●llqmli,,l (If Ilw ln,rilimln mIIl IIIIMF nlmrr

(tjr nll A Irtwl Inlhrll ●XlmIIIIIIIK Illltlrr Iln IIWII nlmrr rllnrru.

(rtml n , ml, !llnlll]tl willl tlIr l,ltrll,l~’.illt’-ll IIIINIV1 ISIS.1’2° F.k

rmI Iw mml, IIw 111111111rxlln:lll~ d tlillrr~lll tnlrm d dilbtm

Il,mililmm ill llw lIemI1. ‘I”IIIQ tdbrl ip lmr~irlll,lrlv .WIIII,III I’tt,tll

IIw Idlmw Rpnrr ill I:ix. Ill)). II k tlIIn IIillrrt’111 rxlwtlmilut Idp

tlml rnunrn !Ilr dllillnll,v. ~r~)wll} t)lmmml III IIVI rIIIIIIIIIIIIIIIIn
II( driflillR lm4111m,

\V@ IIW Ilw Il,wlllfiliwtl tnln rlllillmttrr 41dil,lli,}ll III

I,nl}tmtidlrs Illnl, flu nxl PyIIIl:wll it lImlllm, ,,nll In, Urllllvl nm

~,, ~\ ’’f’’’’’”J’ “’.’’’” (11

“ ‘1 1119wtHh -ma I,mln.1111.,1.Ilul.l 111- nllqtl, .m ,J III* I ‘ ~ 1).,11 .!1 hl.lgw ●wl

WIII).MIMI IN III. I ‘ % AIIIW ~tmmt-~i, II*II.IW I ‘III IMIWIII

-’5L.
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l“iR I Sll,,ljhllntx frill]) ISIS sillllll~llljil. (n) I}urlillr lj[lsilif~lls

( II) I)llm*r HINI[r. ‘1’lIr lM.HIII lIrIh Iwrll illjrrlrtl fr,nll Ill,, Ir(l ulIIl

1111.w SIInlISlIIIIfi rwr tnkrll uflrr Ihr lrmtIII IIRS IN.RIIII III I,XIIiIIIIl
frIIIll 116Blmre clmrgt=.

‘r ‘ 2“i’’d’’l”r’’r’rC/((f(””“’~l((r),/1](()”’)/Jh(S’,~’),
(2)

wlmrr Jn in I Iw Ihwl ftllu-lion of ordrr n, md I)b in I Iw Cllnrlw

drlmil y Ilf I hr Iwnln ill Ilw Iwmli frtmw, If wr rllilhrr a.nrulllw

tlmt Ill? Imam Awmily in unilrwm ill r Iml II) rnllilln 1111111,illlr

Rrnls mm r’ nlltl ( catl Ilr prrfmmwl lo giw

Wllmr .i ~h 4“’.,)4 , ,“ , ,,1 I nllfl Ill!’ I’hlww” Ilivlwly Illw 1,,.,ql

wril IPII nn ph pn,f( ‘ ). ‘1’lw Rvllllllllz h I Y ) 111111/“( \ I fll’llllfl’
l!w IoINIIldrIlr riili)lir llllFRllllp II( I[w Iild ItIItl n! MIIIII kllvl, 110

R~IOV,livrl,v.
‘I”llin rnllrm~itlll in rnxily ●vnlllntrd lllllmwitl~lly tII yi,,l,l

t II- rndinl +-t rir tidd hm vnri,wm Iwtdilml JI: 1 I:,WI Wll 1111111

rvnlllht IIIR thin inlrgrrd, n undul nrnlm~ Inw I’nl I lw 11111nllml II!
t)l)grrvillR tlInl ltIl, (:1] in nf Illr ft)rvll



wlle~ f is IIIC tillle II!HI tile lwn~ll l\~ IIWII IIliflillu. III !IIV

M frame, wr exmule ,1: . 3, MIII trike nrCIJIIIII III 111~1IIIIIr
rlil~li,m, tInh = qth,. ~, l,rrrrnt z rmIl rnrti(,ll, pIm~ - 1,,~1 ,,=,, AI III

IIrie hil, (.5) III f21. ( 1 ) III hlt[l tlIm tlIe clililtHllm w-1111+ i-w

Nlmerlcsl Simulations
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zero. For IOW katnn, the beam ●xpands self- si~nilurly rxcrq}t at

tll~ rl]cls, which cent riblltr less mlrl leas In IIw I(llrd rlltil Inllcr

ns tllc hearll I]eromcn longer; Ilius, tile elllillnlwr iltrrt,tisr is Irm

for longer beams. Ill fart, Ihr Ilollliilrar Iit+l rlwr~} III. III,* I I Ir

emitlame growth”’ says Illat tlm rllliltallcr qr(nvlll SII,IIII,I V;III.

id] fur infrnilcly long brallls ~ IIIIIR M III,’ Imlill’. IIIVISII) Is

uniform iu Ilw radml direr! iull. I“IIF worst ( ,L*P LICCIIIs N IIPII I lie

qsrd rali~~ ill III? Iwaul fImIIr (> 1., III is nl~lnll .’I ‘1 IIC. IIW IlliI -

ticws ill r!llillmwr lnr llIr SIIIHllrI vnl IIrs [J S WII. lIrl Ir\,.11 III III.

IIIF rrsldt of wnkr firl~ls [jr~~(llltr(l lIy IIIr .ll~lrll-ml~w,l IWUIII.

For 01 bri” lmun lk”llsily Ijr(dibs, I Iw tblIrIIdIVII’I IJII ILI!I~ImII

ratio will 11~ IIilfet-rllt. l:i~llrt’ 4 SIIIIWS Ilw rf”slllts of H Srlies II(

fio
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Fig. 4 I ‘lliv~rsnl Fnlillnnrr. Rrnwl h r!lrvrs for (inlmniHll Iwnlnn

rJItm IIFIl Irolll Ilnlllrlr. ill. rrll si]lllllnl inn.

●ilnlllnlmm Wltll “, 2 1),1~ (},111 f~jr tlilh.rrtlt MslwIl rntltm IIf
n lIrnlll l]Inl iu n Illlif[]rlll rylilltlrr ill II)*. rnrlinl IIlrr.ttl,nl Mllll

lIns n (;mmminll dinlrilnllicnl Id IIIF rllnrtw ill llw HYI.11 ,Ilrr(ti,m,

“l”lIi* is IIIC type IJ lwsun tlIIIt fIIIF Fxlwrt% II, lUIIIIIIfV blm R

IIIIIIIII(IIINIP Illrll Ilhrrn h [~nlminlt Iwwr I,lllnr [I IrIIwwl Illll(fwlltl:{

(!11 III*. rntllollr, ‘I’IIF IIIIIUI II II( 1111. IHIIIP, /., in fldill,.{1 M llIr

1“1111~1~1111ld.tllnxilll~llll III 1111.(~nlmnirm IIidlilnttvul. I;(II llli~
ltrdilr, IIIF Wrtt O( IIInhIIIM t IIF lIrmII Itnlrr dIWM 11,11tll~kr I IIP

r~[linl lirkl ildrq~ll(lmd II( :, TIIun, thr I,,llurr lwmIIn, whirb
rnll[~till ntrmr rllstrgr, IIIIVP Illnllrr rllllttnllrr Rrnwth, NIIfr tllnt

Illp wtmt rlllitlnlw~ urmvtll Itw t inlmninll Imulln is nlmlll lwtr~

m Inrw m Illnl hm fllliu lwmli~

(n)

III ,~lllrr wvmfls, Ill* Rrfmlrtrir fncfnr (nr lmIg (;atlssinll lwmIIs i=

(; :: (),rl~,li. ‘1111s Fxprrssiful ogrn+. wit I)in I “i, IJ I III, lill~l. /. II
lilnil ill I:ig. 4 nl Ilw fir~l probe lsmititm (,~;(l 2,1).

r:,,r Mlilg Iwanls. t his smal.vsis giv-s zero ●lllit lnlwr ~rmvl II

in tlw Iilllit Illd L./a - W, M q)rrlrd. h,r Iwnll]s willl n

Ilnrhl,f,lic Rxial prfdilr, IIIC Iilniti!]g gmmwlric lacl{,r is (i .. 0,2.

(JIIV llliKll[ tllillk that adding cllnrgr in III(, rII~ls II( IIIr IWIIIII

Illiglll illcrm.hr llw ridid Iirl(l Ilwre nll(l lllf~(lm~tr Ilw (lill,,rrlw~,

ill 111P rxlm]lsi(nl ralr. Ilnwrvrr, it is Iltd Ims.iljl!. 1,, C.lillllll;lt,.

tlw M’rrl Illis way, all[l tlwrr is Imw Ilmrr rllnrcr ill 1111.IIIII II.-
sirnllle rIIds. Ft)r J(: ) ‘. (:,’ L)”, wlwrv II is nll I.VI,II illtr~iq , ill

tlw I]tllit n . X. 6’ ‘- I :\{?, Wllirll is cvrII sliglllly inrgrl tllilll

tllr (;till~siall Iwnlll I-rsllll,
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